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CHARACTERIZATION OF RECOMBINATION AND CONTROL ELECTRODES 

FOR SPACECRAFT NICKEL-CADMIUM CELLS 

by 

S .  Lerner and H. N.  Se ige r  

ABSTRACT 

C e l l s  c o n t a i n i n g  a c t i v e  Adhydrodes and f u e l  c e l l  scavenger 
e l e c t r o d e s  have been i n v e s t i g a t e d  as t o  t h e i r  c y c l i n g  and gass ing  
c h a r a c t e r i s t i c s  a t  va r ious  temperatures.  It has been shown t h a t  
c e l l s  con ta in ing  a f u e l  c e l l  scavenger e l e c t r o d e  have s u p e r i o r  
low temperature  c y c l i n g ,  as w e l l  as g a s s i n g ,  c h a r a c t e r i s t i c s  when 
compared t o  s t anda rd  VO-12HSAD c e l l s .  
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High r a t e  charg ing  ( r a t e s  i n  excess  o f  C / 5 )  of sea l ed  nickel-cadmium 
b a t t e r i e s  i s  a d e s i r a b l e  mode of  charge.  T t s  d e s i r a b i l i t y  i s  due t o  t h e  
n e c e s s i t y  o f  f a s t  charg ing  a f t e r  deep d ischarge  i n  low o r b i t s ,  and a l s o  
because a h i g h e r  ra te  charge i s  e f f i c i e n t .  High r a t e  charg ing  i s  avoided 
except  where c o n t r o l  of t h e  amount of charge may be employed. When con- 
t r o l l i n g ,  w e  must i nc lude  some overcharge.  The minimum inpu t  must be 
t h a t  which compensates f o r  charge i n e f f i c i e n c y ,  o r  e l s e  t h e r e  w i l l  be 
a continual.  rundown i n  capac i ty ,  and t h e  maximum input  avoids  b u i l d i n g  
up p r e s s u r e s  t o  t h e  b u r s t  p o i n t *  A good c o n t r o l  s t o p s  o r  a l te rs  charge  
a f t e r  t h e  po in t  where t h e  overcharge compensates f o r  charge i n e f f i c i e n c y  
and be fo re  t h e  p o i n t  where t h e  i n t e r n a l  c e l l  p r e s s u r e  becomes excess ive ,  
and avoids  t h e  was te fu l  h e a t  produced when a cel l .  goes i n t o  an overcharge 
mode ~ 

A c o n t r o l  t h a t  has  many a t t r a c t i v e  a t t r i b u t e s  i s  t h e  Adhydrode 8 
( t h e  adsorbed hydrogen e l e c t r o d e ) .  By ca re fu l  s e t t i n g  of  t h e  t r i p  
p o i n t ,  which i s  t h e  s i g n a l  across  t h e  load r e s i s t o r  between t h e  Adhy- 
drode  and t h e  nega t ive  e l e c t r o d e ,  a s i n g l e  l e v e l  can s a f e l y  and ad- 
e q u a t e l y  c o n t r o l  h igh  ra te  charge ovs r  a s u i t a b l e  range of  tempera tures .  
The Adhydrode i s ,  i n  a manner o f  speaking, a self-powered t r ansduce r .  
I f  t h e  c e l l  c h a r a c t e r i s t i c s  change wi th  use o r  t i m e ,  t h e  r e s u l t  i s  
t h a t  t h e  s i g n a l  genera ted  w i l l  r e f l e c t  t h i s  change. 'This s i t u a t i o n  
does ,  i n  f a c t ,  occur .  The nega t ive  e l e c t r o d e s  recombine oxygen a t  de- 
c r e a s i n g  rates over  s e v e r a l  hundred cyc le s ,  ; f  w e  can g e t  t h e  oxygen 
recombinat i o n  a t  f a s t e r  r a t e s ,  t h i s  disadvantage o f  t h e  adhydrode can 
be overcome. An oxygen g e t t e r ,  o r  scavenger e l e c t r o d e ,  appears  t o  be 
a r easonab le  approach t o  t h i s  problem. 

I'he o b j e c t i v e  of t h i s  program i s  t o  produce ce l l s  con ta in ing  t h e  
Adhydrode and scavenger  e l e c t r o d e s ,  This w i l l  be accomplished through 
an i n v e s t i g a t i o n  o f  materials a s  a scavenger e l e c t r o d e ,  and t h e  fab- 
r i c a t i o n  of such c e l l s  and b a t t e r i e s  f o r  eva lua t ion .  
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OUTLINE OF PROGRAM 

The program has  been completely ou t l ined  i n  t h e  prev ious  q u a r t e r l y  
r e p o r t  and w i l l  be reviewed h e r e  on ly  b r i e f l y .  The program has  been 
d iv ided  i n t o  t h r e e  p a r t s .  The f i r s t  involves  t h e  e v a l u a t i o n  and im-  
provement o f  scavenger  e l e c t r o d e s .  The second p a r t  of  t h e  program 
w i l l  be an e v a l u a t i o n  o f  t h e  t h i r d ,  o r  a c t i v e  Adhydrode, e l e c t r o d e  
c h a r a c t e r i s t i c s .  The f i n a l  p a r t  of t he  program w i l l  be devoted t o  
t e s t i n g  c e l l s  con ta in ing  t h e  b e s t  f ea tu re s  determined from t h e  f i r s t  
two p a r t s  of  t h e  program. 

Tes t ing  of  Scavenger E lec t rodes  

Scavenger e l e c t r o d e s  of t h e  Adhydrode type ,  o f  v a r i o u s  p o r o s i t i e s  
and th i cknesses ,  a long wi th  two d i f f e r e n t  types  o f  f u e l  c e l l  e l e c t r o d e s ,  
w e r e  t e s t e d  t o  determine t h e i r  a b i l i t y  t o  recombine oxygen. These 
were t e s t e d  i n  both  working ce l l s  and i n  a s p e c i a l l y  designed t e s t  
chamber. 

Act ive (Third) E lec t rode  

Three l o c a t i o n s  f o r  t h e  a c t i v e  e l e c t r o d e  w e r e  s t u d i e d ;  t hey  are: 

(1) A "U" shaped e l e c t r o d e  placed i n  a s i d e  p o s i t i o n .  
( 2 )  
(3 )  

A f l a t  p l a t e  e l e c t r o d e  placed a t  one end of  t h e  pack. 
A f l a t  p l a t e  e l e c t r o d e  placed i n  t h e  c e n t e r  of  t h e  pack. 

Tes t ing  

When t h e  optimum conf igu ra t ions  for  t h e  scavenger  and s i g n a l i n g  
e l e c t r o d e s  have been determined,  t hey  w i l l  be used i n  combination for  
f i n a l  t e s t i n g .  

Temperature C h a r a c t e r i s t i c s .  - The above c e l l s  s h a l l  be t e s t e d  a t  
fou r  d i f f e r e n t  temperatures  and t h r e e  d i f f e r e n t  depths  o f  d i scha rge .  
The t e s t  s h a l l  be  1 week's c y c l i n g  a t  each temperature  and depth o f  
d i scha rge  u s i n g  a 60-30 minute o r b i t .  

L i f e  Tes t ing .  - The b e s t  ce l l s  w i l l  be  l i f e  t e s t e d  a t  room t empera ture  
a t  both 40% and 60% depths  o f  d i scharge  u s i n g  a 60-30 minute o r b i t .  
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EXPERIMENTAL PROCEDURES & RESULTS 

Automatic Cycling of  Cel ls  a t  Room Temperature 

Seve ra l  c e l l s  (Nos. 41, 42 and 43) with Adhydrodes and f u e l  c e l l  
e l e c t r o d e  scavengers  have been on var ious automatic  c y c l i n g  rou t ines  
f o r  t h e  p a s t  s i x  months a t  60% depth o f  d i scharge .  The f i r s t  r o u t i n e  
of 476 cyc le s  cons i s t ed  of  a 60 minute  charge followed by a 30 minute 
d i s c h a r g e ,  C e l l  number 42 was chosen as t h e  c o n t r o l  c e l l .  The Ad- 
hydrode w a s  connected t o  t h e  nega t ive  through a 114 ohm r e s i s t o r .  
F igures  1, 2 ,  and 3 are t h e  Adhydrode s igna l  ve r sus  p r e s s u r e  curves  
f o r  cyc le s  10, 228 ,  and 461 f o r  c e l l  42. A t  t h e  end of  t h e  476th 
c y c l e ,  t h e  c e l l s  w e r e  placed on an instrument which al lows t h e  c e l l s  
t o  be charged f o r  60 minutes o r  t o  a p re se t  Adhydrode s i g n a l ,  and d i s -  
charged f o r  30 minutes .  I f  t h e  Adhydrode s i g n a l  p o i n t  i s  reached be- 
f o r e  t h e  end of  60 minutes ,  t h e  c e l l s  are then au tomat i ca l ly  placed 
on open c i r c u i t  f o r  t h e  remainder of  the  60 minutes ,  and then go on 
t h e  d i scha rge  p o r t i o n  of  t h e  cyc le .  

The c e l l s  were connected t o  t h e  cyc ler  u s ing  c e l l  42 as t h e  con- 
t r o l  c e l l .  A 114 ohm r e s i s t o r  was connected between t h e  Adhydrode and 
t h e  n e g a t i v e  and t h e  t r i p  p o i n t  w a s  se t  a t  50 mV (200 mA). ,This t r i p  
p o i n t  s e t t i n g  allowed f o r  a 10% overcharge.  F igures  4 and 5 are t h e  
Adhydrode ve r sus  p r e s s u r e  curves  f o r  cycles  4 and 97  f o r  t h e  c o n t r o l  
c e l l .  

Af t e r  t h e  144th c y c l e ,  t h e  c e l l  vo l tages  began t o  f a l l  below 
1 .0  V a t  t h e  end of  d i scha rge ,  due t o  a s l i g h t  i n c r e a s e  i n  t h e  Adhy- 
drode s e n s i t i v i t y ,  caus ing  t h e  c e l l s  t o  be taken o f f  charge prematurely.  

To overcome t h i s ,  t h e  1/4 ohm r e s i s t o r  w a s  rep laced  by a 1 /8  ohm 
r e s i s t o r  and t h e  t r i p  p o i n t  reset a t  45 mV. This  aga in  allowed f o r  
a 10% overcharge.  F igures  6 and 7 a r e  t h e  Adhydrode s igna l  ve r sus  
p r e s s u r e  f o r  cyc le s  193 and 305. On the  326th c y c l e ,  t he  Adhydrode 
on t h e  c o n t r o l l i n g  c e l l  ceased t o  funct ion i n  a s t a b l e  manner, and 
t h e  c e l l s  began t o  r e c e i v e  a f u l l  60 m i n u t e s  o f  charge ,  which c o r r e s -  
ponds t o  a 32% overcharge.  However, even wi th  t h i s  extreme ove r -  
charge ,  t h e  end of  charge c e l l  p ressures  remained below 25 p s i g .  

I n  o r d e r  t o  determine t h e  cause of  t he  e r r a t i c  Adhydrode behavior ,  
t h e  c e l l  atmosphere i n  t h e  c o n t r o l  c e l l  was analyzed a f t e r  t h e  end of 
charge of t h e  367th c y c l e  and found t o  contain 95% hydrogen, Comparison 
of c o n t r o l  and experimental  c e l l s  both show t h e  presence  of  hydrogen, so  
t h i s  i s  n o t  due t o  t h e  scavenger e l ec t rode  but  may b e  due t o  t h e  p re sen t  
batch of  p l a t e s .  However, t h e  presence of hydrogen i n  t h e  c e l l s  and t h e  
low end of  charge p r e s s u r e  (12  p s i g ) ,  along wi th  t h e  f a c t  t h a t  dur ing  
d i scha rge  t h e  c e l l  r e t u r n s  t o  vacuum, i l l u s t r a t e s  t h e  advantage of us ing  
a f u e l  c e l l  e l e c t r o d e  as a scavenger ,  s ince  t h e  bui ld-up of extreme 
p res su res  i s  prevented r e g a r d l e s s  of t he  composition of t h s  i n t e r n a l  c e l l  
atmosphere. Af t e r  t h e  gas sample ana lys i s ,  t h e  c e l l s  were discharged t o  
1 .0  V and were recondi t ioned .  
C/10 (800 mA) charge ,  a 3 ampere discharge t o  1 . 0  V,  a C r a t e  charge ,  
and a 3 ampere d i scha rge  t o  1 . 0  V .  

The recondi t ion ing  c y c l e  cons i s t ed  of a 
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Since  p r i o r  t o  cyc l ing ,  c e l l  42 had a c a p a c i t y  somewhat lower 
than t h e  o t h e r  c e l l s ,  i t  i s  probable  t h a t  p a r t  of  t h e  d i f f i c u l t i e s  
which a r o s e  dur ing  cyc l ing  were due t o  t h e  seve re  l o s s  i n  c a p a c i t y  
o f  t h e  c o n t r o l  c e l l .  

CELL NO. 

CAPACITY 

TABLE I. - CAPACITIES OF CELTS 41, 4 2 ,  4 3  UPON REPIOVAL 
FROM CYCLING 

41 4 2  43 

7.8 5.1 7 . 7  
-- 

A f t e r  t h e  r econd i t ion ing  c y c l e ,  two of  t h e  c e l l s  (Nos. 40 
and 4 3 j  w e r e  placed back on cyc le  w i t h  c e l l  number 4 3  i J n t r o l l i n g  
and have,  t o  d a t e ,  s u c c e s s f u l l y  completed 398 c y c l e s .  F igures  8-10 
a r e ,  r e s p e c t i v e l y ,  cyc le s  61 ,  285, and 398. A comparison o f  t hese  
f i g u r e s  i n d i c a t e s  that: t he  recombination r a t e  i n c r e a s s s  as t h e  number 
o f  c y c l e s  i n c r e a s e s .  This  may be  due t o  a r ise  i n  t h e  i n t e r n a l  
temperature  o f  t h e  c e l l  which increases  t h e  r a t e  of  r ecm; , ina t ion ;  o r  a 
r e d i s t r i b u t i o n  of  e l e c t r o l y t e ,  

Low Temperature Cycl ing 

Seve ra l  c o n t r o l  (VO-12HSAD) and experimental  c e l l s  wrs  cycied  
f o r  one week a t  both -20°C (-4°F) and 0°C (32°F) a t  a 50% depth of 
d i scha rge  on a 90 minute o r b i t ,  S i x t y - f i v e  cyc le s  were ..omplsrsd a t  
-2O 'C  and s ix ty-one  a t  O'C. One complete c y c l s  a day was monitored,  
F igures  11-14 are,  r e s p e c t i v e l y ,  t h e  3rd and l a s t  cy-iz rcr t h e  s x p e r i -  
mental  and c o n t r o l  c e l l s  a t  - 2 O ' C .  Figures  15-18 a r e  similar curves  
a t  O ' C .  

It should be noted t h a t  on the  l a s t  cyc le  for  thz  2xperimental  
c e l l  a t  O'C,  t h e  p re s su re  begins  t o  increase  a t  t h e  i n i t i a t i o n  o r  
charge .  The reason  f o r  t h i s  has n o t  yet been inv2s t iga tc?d  arid no 
exp lana t ion  i s  o f f e red .  However, t h i s  p re s su re  r i s a  i s  s i i g h r  (lG p s i a )  
and appa ren t ly  has no e f f e c t  upon t h e  c e l l  c h a r a c t e r i s t i - s  which were 
a much more r ap id  p re s su re  and Adhydrode decay than  t h ?  :-or,trol c e l l s .  
In  f a c t ,  t h e  experimental  ce l l s  had a s t r o n g e r  Adhydrade s i g n a l  than 
t h e  c o n t r o l s ,  which even a t  t h e s e  low temperatures  rose r a p i d l y  upon 
charge and decayed rapLdly upon d ischarge ,  whi le  t h e  Adhydrode 
s i g n a l  from the  c o n t r o l  c e l l s  r o s e ,  i a i t i a l l y ,  on d i scha rgs  and then  
decayed s lowly.  This  r i s e  and slow decay on d i scha rge  can DS i n j u r i o u s  
t o  c y c l e  l i f e  i f  t he  end of d i scha rge  s i g n a l  i s  abov: t h  2nd o f '  
charge t r i p  po in t  as t h i s  can prevent  some types of  chargs  c o n t r o l  
dev ices  from p u t t i n g  t h e  c e l l  back on charge.  
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On t h e  l a s t  c y c l e  a t  each temperature,  t h e  c e l l s  were discharged 
t o  1 .0  V and t h e  r e s i d u a l  c a p a c i t i e s  determined. These d a t a  are 
shown i n  F igu res  19 and 20. It is  evident t h a t  t h e  experimental  
c e l l s  con ta in ing  t h e  f u e l  c e l l  e l ec t rode  have a g r e a t e r  r e s i s t a n c e  
to c a p a c i t y  l o s s  on low temperature cycl ing than t h e  c o n t r o l  c e l l s .  
It should be noted t h a t  a t  low temperatures,  t h e  c a p a c i t i e s  of n i c k e l -  
cadmium c e l l s  i n c r e a s e s .  However, the magnitude of t h i s  i n c r e a s e  
should be t h e  same f o r  both s e t s  ( con t ro l  and expe r imen ta l ) ,  

High Temperature Cycling 

Three VO-12HSAD c o n t r o l  c e l l s  and t h r e e  experimental  cel ls  
con ta in ing  f u e l  c e l l  scavenger e l ec t rodes  were placed i n  an oven a t  
100°F i n  t h e  discharged state.  The c e l l s  were allowed t o  s t and  f o r  
48 hours and were then  charged a t  5 amperes. During t h e  i n i t i a l  
charge,  t h e  c o n t r o l  c e l l s  developed exceedingly high p r e s s u r s s  ( g r e a t e r  
than 150 p s i g ) .  Analysis  i n d i c a t e d  t h a t  t h e  gas was > 9 7 %  hydrogen. 
These c e l l s ,  along w i t h  one experimental c e l l  were removed from t h e  
oven and not t e s t e d  f u r t h e r .  
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. 

TEMPERATURE 
-20°C (0°F) 

0°C (32°F) 

25°C (72°F) 

40°C (100°F) 

The remaining two experimental  cel ls  were p laced  on c y c l e  a t  50% 
depth of  d i scha rge .  Both c e l l s  went i n to  r e v e r s e  on t h e  f i r s t  cyc le .  
The two c e l l s  (discharged)  were then allowed t o  e q u i l i b r a t e  a t  95°F. 
Eighteen cyc le s  were completed be fo re  one c e l l  went i n t o  r e v e r s e  and 
t h e  o t h e r  c e l l s '  end of d i scharge  vol tage  f e l l  below 1.0 V (Figure 21).  

VO- 12HSAD EXPERIMENTAL CELL! 
108% 142% 

138% 158% 

79% 150% 

100% 150% 

To determine i f  t h e  exposure t o  high temperatures  had adverse ly  
a f f e c t e d  t h e  c e l l s ,  t h e  c e l l s  were placed on c y c l e  a t  50% depth of  d i s -  
charge f o r  one week a t  room temperature.  No problems were encountered 
du r ing  t h e  room temperature  cyc l ing .  

The c e l l s  were aga in  placed i n  the  oven a t  100°F and were cycled 
a t  a 10% depth of  d i scha rge  f o r  10 days (158 cyc le s ) , ,  F igures  22 and 
23 are t h e  p r e s s u r e ,  Adhydrode and d ischarge  curye f o r  cyc le s  3 and 142. 
F igure  24 i s  t h e  r e s i d u a l  c a p a c i t y  o f  the  two c e l l s  a f t e r  c y c l i n g  
(nominal c e l l  c a p a c i t y  i s  10 Ah). i 

Gassing C h a r a c t e r i s t i c s  of Cells 

I n  o r d e r  t o  e v a l u a t e  t h e  gass ing  c h a r a c t e r i s t i c s  o f  t h e  c e l l s  con- 
t a i n i n g  f u e l  c e l l  e l e c t r o d e s ,  as compared t o  those  c e l l s  con ta in ing  a 
pass  i v e  Adhydrode , t h e  fo  1 lowing t e s t  was pe r  formed 

Three c e l l s  con ta in ing  f u e l  c e l l  e l ec t rodes  and t h r e e  Vo-12HSAD 
c e l l s  ( t h e  Adhydrode i n  t h e  pas s ive  mode) were charged a t  C / 2  t o  
25 p s i g  (40 p s i a )  a t  temperatures  between -20°C (0°F)  and 40°C (100°F).  
The r e s u l t s  f o r  a t y p i c a l  p a i r  of  c e l l s  are shown i n  F igures  25 and 2 6  
and b r i e f l y  summarized i n  Table  11. It i s  ev iden t  from these  r e s u l t s  
t h a t  t h e  i n c l u s i o n  o f  a f u e l  c e l l  e l e c t r o d e  i n  a s e a l e d  c e l l  permi ts  
wider l a t i t u d e  i n  t h e  charging mode and a l s o  a i d s  i n  keeping t h e  c e l l  
p r e s s u r e  a t  a low va lue .  

The d a t a  presented  f o r  t h e  VO-12HSAD cel ls  are b e t t e r  than  they  
would be under  normal ope ra t ing  cond i t ions ,  s i n c e  under such cond i t ions  
t h e  Adhydrode would be connected i n  the  a c t i v e  mode, This  aga in  shows 
t h e  advantages t o  c e l l s  con ta in ing  both scavenger and s i g n a l i n g  e l e c t r o d e s .  

TABLE 11. - PERCENT CAPACITY INPUT TO 40 PSTA AI' C/2 
VERSUS TEMPERATURE 
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CONCLUSIONS 

The t e s t i n g  of h e r m e t i c a l l y  sea led  nickel-cadmium c e l l s  equipped 
wi th  both  a f u e l  c e l l  scavenger e l ec t rode  and an a c t i v e  Adhydrode 
h a s  shown t h e s e  c e l l s  t o  be s u p e r i o r  t o  convent iona l  (VO-12HSAD) c e l l s  
equipped wi th  only  an a c t i v e  Adhydrode. This  s u p e r i o r i t y  i s  demonstrated 
by (1) t h e  a b i l i t y  of  t h e  c e l l s  t o  be  cycled a t  60% depth of d i scha rge ,  
(2)  t h e  improved low temperature  performance, ( 3 )  t h e  improved gass ing  
c h a r a c t e r i s t i c s  shown by t h e  a b i l i t y  of t h e  scavenger e l e c t r o d e  t o  
keep t h e  c e l l  p re s su re  low independent o f  t h e  i n t e r n a l  c e l l  atmosphere 
and most impor tan t ,  ( 4 )  t h e  r a p i d  decay of t h e  Adhydrode s i g n a l  upon 
i n t e r r u p t i o n  o f  charge.  
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FUTURE WORK 

Addi t iona l  emphasis w i l l  be  given t o  h igh  temperature  t e s t i n g  
(40°C).  

The r equ i r ed  c e l l s  f o r  d e l i v e r y  a r e  i n  t h e  p rocess  of f a b r i c a t i o n  
and should be ready by t h e  r equ i r ed  d e l i v e r y  d a t e .  

- 34- 



REFERENCES 

(1) S. Lerner  and H. N.  Se ige r ,  F i r s t  Q u a r t e r l y  Report ,  "Character- 
i z a t i o n  o f  Recombination and Control E lec t rodes  f o r  Spacec ra f t  
Nickel  Cadmium Cells", Contract No. NAS 5-10241, Sep t .  9 ,  1966. 

-35 - 



NATIONAL AERONAUTICS & SPACE ADMINPSTWI'4ON 
GODDARD SPACE FLIGHT CENTER 

Greenbel t ,  Mary1 and 

OFFICIAL DISTRIBUTION LIST 
FOR BATTERY mpowrs 

NASA and JPL 

Nat iona l  Aeronaut ics  & Space Admin. 
S c i e n t i f i c  and Technical  1,nformation 
Fac i 1 i t  y 
College Park ,  Maryland 20740 
A t t n :  NASA Represen ta t ive  
Send 2 copies  p l u s  1 rep roduc ib le  

Nat iona l  Aeronaut ics  & Space Admin. 
Washington, D .  C. 20546 
At tn :  RNW/E. M ,  Cohn 

Nat iona l  Aeronaut ics  & Space Admin. 
Washington, D ,  C .  20546 
Attn:  FC/A. M .  Greg Andrus 

Nat iona l  Aeronaut ics  & Space Admin. 
Goddard Space F l i g h t  Center  
Greenbel t ,  Maryland 20771 
Attn:  Thomas Hennigan, Code 716.2 

Nat ional  Aeronaut ics  & Space Admin. 
Goddard Space F l i g h t  Center 
Greenbe'-t ,  Maryland 20771 
At tn :  Joseph Sher fey ,  Code 735 

Nat ional  Aeronaut ics  & Space Admin. 
Langley Research Center 
Instrument Research Div i s ion  
Hampton, V i r g i n i a  23365 
At tn :  John L .  P a t t e r s o n ,  MS-234 

Nat iona l  Aeronaut ics  & Space Admin. 
Langley Research Center  
Instrument Research Div i s ion  
Hampton, V i r g i n i a  23365 
At tn :  M ,  B o  S e y f f e r t ,  MS 1 1 2  

12-  1- 66 

Nat iona l  Aeronaut i c s  & Space Admin, 
L e w i s  Research Center  
21000 Brookpark Road 
Cleveland,  Ohio 44135 
Attn: N ,  D ,  Sanders ,  M3 302-1 

Nat iona l  Aeronaut ics  & Space Admin. 
L e w i s  Research Cents r  
21000 Brookpark Road 
Clsve land ,  Ohio 44135 
At tn :  M ,  Saar i ,  MS 500-202 

Nat iona l  Aeronaut ics  & Space Admin. 
L e w i s  Research Center  
21000 Brookpark Road 
Cleveland,  Ohio 4L135 
At tn :  R.  R .  M i l l e r ,  MS 500-202 

Nat iona l  Aeronaut i i s  & Space Admin. 
Geo, C .  Marshal; Spacz F l i g h t  Center  
H u n t s v i l l e ,  A l a b a m a  358'12 
Attn:  P h i l i p  Youngb:ood 

Nat ional  Azronaurics br Space Admin. 
Geo, C ,  Marsha-l   spa^^? F l i g h t  Center  
H u n t s v i i l e ,  A&abama 35812 
At tn :  Richara BoZhne, Bldg, 4487-BB 

National  Aex,xiawtrcs & Space Admin 
Manned Spacec ra f t  Center 
Hoclston, Icxas  77058 
At tn :  W i l  'Liam R *  Dussnbury 
Propuls ion  & Energy Sys t~ rns  Branch 
Bldg 16 ,  Site '4 

D- 1 



Nat iona l  Aeronaut ics  & Space Admin. 
Manned Spacec ra f t  Center 
Houston, Texas 77058 
At tn :  Richard Ferguson (EP-5) 

Nat iona l  Aeronaut ics  & Space Admin. 
Manned Spacec ra f t  Center  
Houston, Texas 77058 
At tn :  F o r r e s t  E .  Eastman (EE-4) 

Nat iona l  Aeronaut ics  & Space Admin. 
Washington, D.  C .  20546 
At tn :  Of f i ce  o f  Technology U t i l i z a t i o n  

Nat iona l  Aeronaut ics  & Space Admin. 
Ames Research Center  
P ioneer  Prc j e c t  
Mof fe t t  F i e l d ,  C a l i f o r n i a  94035 
A t t s  Arthur  Wilbur/  A. S .  Hertzog 

Nat iona l  Aeronaut ics  & Space Admin. 
Ames Research Center  
Mof fe t t  F i e l d ,  C a l i f o r n i a  94035 
A t t r l :  Jon Rubenzer 

B i o s a t e l l i t e  P r o j e c t  

Nat iona l  Aeronaut ics  & Space Admin. 
E l e c t r o n i c s  Research Center  
575 Technology Square 
Cambridge, Mass ~ 02139 
At tn :  D r .  So l  Gilman 

J e t  Propul.sion Labora tory  
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  9 1103 
Attn:  P ,  Goldsmith 

Department o f  t h e  Army' 

U. S.  Army Engineer  R&D Labs 
F o r t  Be lvo i r ,  V i r g i n i a  22060 
E l e c t r i c a l  Power Branch 
Energy Conversion Research Lab. 

Commanding General  
U. S. Army Weapons Command 
Attn:  AMSWE-RDR, M r .  G o  Reinsmith 
Rock l s l a n d  Arsena l  
Rock I s l a n d ,  I l l i n o i s  61201 

U. S o  Army Natick Labora to r i e s  
Clo th ing  and Organic Materials Div. 
Nat i ck ,  Massachuset ts  01760 
Attn:  G. A. Spano 

Harry Diamond Labora tor ies  
Room 300, Bui ld ing  92 
Conn, AVS. h Van Ness S t ree t ,  N .  W .  
Washington, D. C .  20438 
At tn :  Nathan Kaplan 

Department o f  t h e  Navy 

Of f i ce  of Naval Research 
Washington, D. C .  20360 
AttnO Head, Power Branch, Code 429 

O f f i c e  of Naval  Research 
D e p a r t m a t  of t h e  Navy 
Washington, D.. C. 20360 
At tn :  H ,  W, Fox, Code 425 

Naval Research Laboratory 
Washington, D ,  C.  20390 
At tn .  D r .  J .  C ,  White, Code 6160 

U, S. Navy 
Spec ia l  P r o j e c t s  Div is ion  
Marine Znginser ing Laboratory 
Annapol is ,  Maryland 21402 
At tn .  -1. H .  Harr i son  

Naval  A i r  Systems Command 
Depar t m n t  o t t h e  Navy 
Washington, D. C o  20360 
A t t n -  Mi l ton  Knight (Code AIR-340C) 

Cormanding O f f i c e r  
(Code Q E i E ,  E ,  Bruess/H S c h u l t s )  
U. S Naval Ammunition Depot 
Crane, ~ n d i a n a  47522 

Naval Ordnance Laboratory 
Departn,ent of t h e  Navy 
Corona, C a l i f o r n i a  91720 
A t t n -  W i i l i a m  C .  Sp ind le r  (Code 441) 

Naval Ordnance Laboratory 
S i l v e r  Spr ing ,  Maryland 20910 
A t t n "  P h i l i p  8. Cole (Code 232) 

D- 2 



Commander, Naval Ship Sys t e m s  
Command 
Department of  t h e  Navy 
Washington, D .  C .  20360 
Attn:  C .  F. V i g l o t t i  (Code 66605) 

Commander, Naval Ship Sys tems 
Command 
Department of t h e  Navy 
Washington, D .  C .  20360 
Attn:  Bernard B.  Rosenbaum (Code 03422) 

Department of t h e  A i r  Force 

F l i g h t  Vehicle  Power Branch 
Aero Propuls ion  Laboratory 
Wright -Pa t te rson  A i r  Force Base, 
Ohio 45433 
At tn :  James E .  Cooper 

AF Cambridge Research Lab. 
A t tn :  CRE 
L .  G .  Hanscom F i e l d  
Bedford,  Massachuset ts  01731 
At tn :  F ranc i s  X. Doherty 

Edward Raskind (Wing F) 

Rome A i r  Development Center ,  ESD 
Attn :  Frank J .  Mollura  (RASSM) 
G r i f f i s  AFB, New York 13442 

Other Government Agencies 

Nat iona l  Bureau of Standards 
Washington, D.  C .  20234 
At tn :  D r .  W .  J .  Hamer 

O f f i c e ,  Sea Warfare System 
The Pentagon 
Washington, D.  C .  20234 
Attn:  G .  B. Wareham 

M r .  Donald A. Hoatson 
Army Reac to r s ,  DRD 
U. S.  Atomic Energy Commission 
Washington, D.  C .  20545 

P r i v a t e  Organiza t ions  

Aerojet-General  Corporat ion 
Chemical Products  D iv i s ion  
Azusa, C a l i f o r n i a  91702 
At tn :  W i l l . i a m  H .  Johnson 

Aeronutronic  Div is ion  of  Ph i l co  Corp. 
Technic a1 Information Se rv ices  
Ford Road 
Newport beach, C a l i f o r n i a  92663 

Aerospace Corporat ion 
P .  0. Box 95085 
Los Angeles, C a l i f o r n i a  90045 
Attn:  L ib ra ry  Acqu i s i t i on  Group 

Al l l s -Chalmers  Mfg. Co. 
1100 South 70th S t ree t  
Milwaukee, Wisconsin 53201 
Attn:  D r .  P. Joyner  

A. M. F. 
Attn:  D r .  Lloyd H. Sha f fe r  
689 Hope S t r e e t  
Spr ingdale ,  Conn., 06879 

American Un ive r s i ty  
Mass. ti Nebraska Avenue, N. W .  
Washington, D, C. 20016 
At tn :  D r .  R .  ‘r. Foley,  

Chemistry Department 

Arthur  D.  L i t t l e ,  Tnc. 
Acorn Park 
Cambridge, Massachuset ts  02140 
A t t n :  D r ,  E l l e r y  W .  Stone 

A t  om i c  s L n t e rna  t i o n a l  D i v  i s  ion  
North American Avia t ion ,  Inc.  
8900 De S o t a  Avenue 
Canoga P a r k ,  C a l i f o r n i a  91304 
At tn :  D r .  ti. 1. Techt 

B a t t e l l e  Memorial I n s t i t u t e  
505 King Avenue 
Columbus, Ohio 43201 
At tn :  Dr.  c. i. Faust  

D- 3 



B e l  1 Labor a t o r  ies 
Murry H i l l ,  New J e r s e y  07971 
At tn :  U. B. Thomas 

Bell  Telephone Labora to r i e s ,  Inc .  
Shippany, New J e r s e y  07981 
At tn :  D. 0. Feder ,  Room 3B-294 

The Boeing Company 
P. 0. Box 3707 
S e a t t l e ,  Washington 98124 
Attn:  Ruth E .  Peerenboom 

Bordon Chemical Company 
Cent ra l  Research Lab e 

P. 0. Box 9524 
Phi  1 ade lph i a  , Pennsylvania  19 124 

Burgess B a t t e r y  Company 
Foot of Exchange S t r e e t  
F reepor t ,  I l l i n o i s  61033 
At tn :  D r .  Howard J. S t r a u s s  

C & D Batteries 
Div is ion  of E l e c t r i c  A u t o l i t e  Co. 
Conshohocken, Pennsylvania  19428 
A t t i l :  D r .  Eugen Wil l ihnganz 

Gal v i n  Col 1 ege  
Grand Rapid, Michigan 49506 
At tn :  Prof .  I .  P. Dirkse 

C a t a l y s t  Research Corporat ion 
610i F a l l s  Road 
Bal t imore,  Maryland 21209 
At tn :  H .  Goldsmith 

Chem. Cel l  I n c .  
150 Dey Road 
Wayne, New Je r sey  07470 
At tn :  P e t e r  D .  Richman 

G .  & W. H. Corson, Inc.  
Plymouth Meeting 
Pennsylvania  19462 
At tn :  D r .  L, J. Minnick 

De1c.o Remy Div i s ion  
General Motors Corporat ion 
2401 Columbus Avenue 
Anderson, I n d i a n a  46011 
At tn :  D r .  J. J .  Lander 

D-4 

DougLas A i r c r a f t  Company, Inc .  
Astropower Laboratory 
E12 iampus D r i v e  
Newport Beach, C a l i f o r n i a  92663 
A t t n r  D r .  Carl Berger 

Dynat ec h c o r p o r a t i o n  
1 7  I u d o r  S t r e e t  
Cambr idge,  Mass 02139 
A t t n :  K. L. Wentworth 

Eagle .  P i che r  Company 
P.  0. Box 47 
Jopl  i n ,  Missour i  64801 
A t t n ”  E ,  Y, Brogl io  

E l e c t r i c  S torage  Ba t t e ry  Co. 
Miss i l e  Bat te ry  Div i s ion  
2510 Louisbclrg Rd, 
Rale igh ,  North Caro l ina  27604 
Attn A. Chre i tzberg  

E l e c t r i c  Storage B a t t e r y  Co. 
( .ar1 F, Norberg Research Center 
19 Wts t  College Avenue 
Yardleg, Pennsylvania  19067 
A t t n  Dr. K. A. Schaefer  

E! e c  t roc h inr LL a Corporat ion 
1 l h o  0 ’ 6 r  Len Drive 
Menlo Park ,  C a l i f o r n i a  94025 
At t n ,  D r  , M o r r i s  Fisenberg 

E l e ~  tro-rl)ptiLaal Systems, Inc .  
3 00 No r r h h al s t e ad 
Pasadsna, la1 i f o r n i a  91107 
A t t o  Mart in  Klein 

Emhart  C o r p -  
Box Y620 
Hart  Lord Connect icut  06102 
A t t n -  Ur. W. P.  Cadogan 

Engelhard i n d u s t r i e s ,  Inc .  
b97 Delancy S t r e e t  
Newark, N J 4  07105 
A t t n ,  Ih, J .  G .  Cohn 

L)r A r t h u r  E l e i s c h e r  
6 6  South Center S t r e e t  
Orange, Nsw J e r s e y  07050 

Gensr a i E l ec t  r i c  Company 
Sc h e n t  c t ady New York, 12301 
A t t n -  Dr. K. C .  OsthoffIDr.  W .  Carson 

Adv anc 2d Technology Lab. 



I .  

General E l e c t r i c  Company 
Missile & Space  Div i s ion  
Spacec ra f t  Department 
P. 0. Box 8555 
P h i l a d e l p h i a ,  Pennsylvania 19101 
Attn:  E. W .  Kipp, Room U-2307 

General Electr ic  Companu 
B a t t e r y  Products  Sec t ion  
P. 0. Box 114 
G a i n s v i l l e ,  F l o r i d a  32601 
Attn:  W. H. Roberts 

General  E l e c t r i c  Company 
Research and Development Center 
P. 0. Box 8 
Schenectady, New York 12301 
Attn:  D r .  H. Liebhafsky 

General Motors-Defense Research Labs. 
6767 H o l l i s t e r  S t r e e t  
San ta  Barbara,  C a l i f o r n i a  93105 
Attn:  D r .  J. S.  Smatko/Dr. C .  R. Russell  

Globe-Union Incorporated 
P. 0. Box 591 
Milwaukee, Wisconsin 53201 
Attn:  M r .  J. D. Onderdonk 

V. P.  Marketing 

Hughes A i r c r a f t  Corporat ion 
Centinda Ave. & Teale S t .  
Culver C i t y ,  C a l i f o r n i a  90230 
Attn:  T. V.  Carvey 

Highes A i r c r a f t  Corporat ion 
Blg. 366, M. S. 524 
E l  Segundo, C a l i f o r n i a  90245 
At tn  P. C. Ricks 

T.TT Research I n s t i t u t e  
10 West 35th S t r e e t  
Chicago, I l l i n o i s  60616 
Attn:  D r .  H. T.  Franc.is 

I n s t i t u t e  f o r  Defense Analyses 
R G E Support D iv i s ion  
400 Army-Navy Drive 
Ar l ing ton ,  V i r g i n i a  22202 
Attn:  M r .  R. Hamilton 

Idaho S t a t e  U n i v e r s i t y  
Department of Chemistry 
Pocate'E l o ,  Idaho 83201 
Attn:  D r .  G.  Myron Arcand 

I n s t i t u t e  of G a s  Technology 
S t a t e  and 34th Street  
Chicago, l ' i l i n o i s  60616 

Johns Hopkins U n i v e r s i t y  
Applied Physics  Laboratory 
8621 Georgia Avenue 
S i l v e r  Spring,  Maryland 20910 
Attn: Richard E.  Evans 

Leesons Moos Labora to r i e s  
Lake Success Park,  Community Drive 
Grear: Neck, New York 11021 
Attn:  D r ,  H.  Oswin 

Livingston E l e c t r o n i c  Corporat ion 
Rcute 309 
Montgomeryville, Pennsulvania 18936 
Attn:: W i l l i a m  F. Meyres 

Lockheed Missiles & Space Company 
Technical  Information Center 
3251 Ranover S t r e e t  
Palo Al to ,  C a l i f o r n i a  93404 

M a l  l o r y  B a t t e r y  Company 
Broadway & Sunnyside Lane 
North Tarrytown, New York 10591 
Attn: R,  R. Clune 

P.. R ,  Mallory & Co, ,  Inc .  
Northwest i n d u s t r i a l  Park 
Bur l ing ton ,  Mass. 01803 
Attn: D r ,  P e r  Bro 

P. R.. Mallory & Go., Inc.  
3029 E.. Nashington S t ree t  
lndianapol  is, Ind iana  46206 
Artn: Technical  L i b r a r i a n  

Mauchly Systems Inc.  
F o r t  Washington I n d u s t r i a l  Park 
Fort Washington, Pennsylvania 
Attn:  (John H .  Waite 

D- 5 



Melpar 
Technical  Information Center 
7700 Ar l ing ton  Blvd. 
F a l l s  Church, V i r g i n i a  22046 

Metals  and Controls  D iv i s ion  
Texas Ins t rumen t s ,  I n c .  
34 F o r e s t  S t r e e t  
A t t l eboro ,  Massachuset ts  02703 
Attn:  D r .  E. M ,  J o s t  

I M idwe s t R e s  ear ch I n s  t i  t u  t e 
425 Volker Boulevard 
Kansas C i t y ,  Missour i  64110 
Attn: P h y s i c a l  Sc ience  Laboratory 

Monsanto Research Corporat ion 
E v e r e t t ,  Massachuset ts  02149 
At tn :  D r ,  J. 0 ,  Smith 

North American Av ia t ion  Co, 
S t d D  D i v i s i o n  
Downey, C a l i f o r n i a  90241 
Attn:  D r .  James Nash 

Ok 1 ahoma S t a t  e Univer s i t  y 
S t i l l w a t e r ,  Oklahoma 74075 
Attn: P r o f .  W i l l i a m  L ,  Hughes 

School of E l e c t r i c a l  Engineering 

D r .  John Owen 
P o  0. Box 8 7  
Bloomfield,  New J e r s e y  07003 

Power 'Information Center  
Un i v e r  s i t  y of Pennsylvania 
Moore School Bui lding 
200 South 33rd S t ree t  
P h i l a d e l p h i a ,  Pennsylvania 19104 

I 

Whit t aker  Corporat ion 
Narmco RCirD D iv i s ion  
3540 Aero Court 
San Diego, C a l i f o r n i a  92123 
Attn: D r ,  M ,  Shaw 

RAI Research Corp.. 
36-40 37th Street  
Long I s l a n d  C i t y ,  New York 11101 

Radio Corporat ion o f  America 
Astro Corporat ion 
P. 0 ,  Box 800 
Hightstown, New Je r sey  08540 
Attn:  Seymour Winkler 

Radio Corporat ion of  America 
AED 
P ,  0 ,  Box 800 
P r i n c e t o n ,  New J e r s e y  08540 
Attn:  I .  Shulman 

Radio Corporat ion of America 
415 South F i f t h  S t r e e t  
Har r i son ,  N e w  J e r s e y  07029 
Attn:  D r ,  G. S. Lozier  

Bldg, 18-2 

Southwest Research I n s t i t u t e  
8500 Culebra Road 
San Antonio, Texas 78206 
Attn:  L i b r a r y  

Sonotone Corp. 
Saw Mill River  Road 
Elmsford, New York 10523 
A t  t n ;  A ,  Mundel 

Texas Ins t rumen t s ,  Inc .  
P. 0. Box 5936 
Dallas, Texas 75222 
Attn:  D r ,  I s a a c  Trachtenberg 

TRW Systems I n c  
One Space Park 
Redondo Beach, C a l i f o r n i a  
Attn:  Dr, A ,  Karusz, Bldg. 60, Rm. 147 

TRW Systems Inc ,  
One Space Park 
Redondo Bsach, C a l i f o r n i a  90278 
Attn:  D P .  Herbert  P.  Silverman 

TRW, r n c -  
23555 E u c l i d  Ave. 
Cleveland,  Ohio  44117 
Attn: L i b r a r i a n  

Tyco Labora to r i e s  , I n c  
Bear HI311 
Hickory D r i v e  
Waltham, Mass 02154 
Attn:  D r ,  A .  C .  Makrides 

Union Carbide Corp, 
Developmat  l a b o r a t o r y  L ib ra ry  
P. 0. Box 6056 
Cleveland,  Ohio 44101 

D- 6 



Union Carbide Corpora t ion  
Parma Research Center 
P. 0, Box 6116 
Cleveland,  Ohio 44101 
A t  t n  : Libra ry  

D r ,  Robert Powers 
Union Carbide Corpora t ion  
Parma Laboratory 
Parma, Ohio 44140 

Research and Development Center  
Westinghouse E l e c t r i c  Corporat ion 
Church i 1 1 Borough 
P i t t s b u r g h ,  Penna. 15235 

Whit taker  Corpora t ion  
3850 Olive S t .  
Denver , Colorado 
Attn:  J ,  W .  R e i t z e r  

Yardney E l e c t r i c  Corp, 
40 Leonard S t .  
New York, N.Y. 10013 
Attn:  D r .  Geo. Dal in  

Un i v  e r  s i t y of Penns y l v  a n i  a 
E lec t rochemis t ry  Laboratory 
P h i l a d e l p h i a ,  Pennsylvania  19104 
At tn :  Prof .  John 0'M.Bockris 

Uni f ied  Science Assoc ia t e s ,  Inc .  
826 S. Arroyo Parkway 
Pasadena, C a l i f o r n i a  91105 

Nat iona l  Bureau of Standards 
Washington, D. C, 20234 
Attn:  D r -  Abner Brenner 

D- 7 

~ 



Addressee 

ADDENDUM TO OFFICIAL DISTRIBUTION LIST 
FOR BATTERY REPORTS 

NASA- Godda r d  Spa ce F 1 igh,t Center 
Greenbel t  , Maryland 20771 
A t t e n t i o n  : 

P a t e n t  Counsel - Code 204 

O f f i c e  o f  t h e  D i r e c t o r  - Code 100 

O f f i c e  o f  t h e  A s s i s t a n t  D i rec to r  f o r  
Admin i s t r a t ion  and Technical  Se rv ices  - Code 200 

O f f i c e  o f  t h e  A s s i s t a n t  D i rec to r  
f o r  P r o j e c t s  - Code 400 

O f f i c e  o f  t h e  A s s i s t a n t  D i rec to r  
f o r  Systems R e l i a b i l i t y  - Code 300 

O f f i c e  o f  t h e  A s s i s t a n t  D i rec to r  
f o r  and Data Systems - Code 500 

O f f i c e  o f  t h e  A s s i s t a n t  D i rec to r  
f o r  Space Systems - Code 600 

O f f i c e  of t h e  A s s i s t a n t  D i rec to r  
f o r  Technology - Code 700 

GSFC L i b r a r y  - Code 252 

Cont rac t ing  O f f i c e r  - Code 247 

Technical  Information Divis ion - Code 250 

Techn ica l  Represen ta t ive  - Code 716 

NASA Headquarters  
FOB 10B 
Washington, D. C. 20546 
At tn :  Arvin Smith, Code RNW 

No. o f  Copies 


